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PROFILE PRODUCING METHOD AND
PROFILE PRODUCING APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a profile producing
method and a profile producing apparatus for producing a
profile representative of the association between color data
representative of values of for example red (R), green (G)
and blue (B), or color data representative of dot % of cyan
(C), magenta (Y) and black (K), and colors on a color image
associated with image data including the color data, in a
device for mediating between image data including color
data and a color image, such as a color scanner and a color
printer.

2. Description of the Related Art

Hitherto, it is performed that image data is obtained
through reading a recorded original image by a color scanner
and the like, and an image is outputted by a color printer in
accordance with the image data thus obtained, so that an
image, which is very closely similar in a color to the original
image, is obtained, and an image, which is very closely
similar in a color to an image obtained by printing based on
the image data obtained by the color scanner, is outputted by
a color printer. To perform a color matching for providing
matching of colors of two images, there is used a profile
defining the association between color data representative of
dot % of CMYK for example, of an output device such as
a color printer, and colors outputted in accordance with the
color data, so that an image represented by a desired color
can be obtained by a conversion of the image data using the
profile. Here, the conversion as to colors is noticed. Here-
inafter, such a conversion is referred to as a color conver-
sion.

To make up such a profile, a color chart, consisting of sets
of color patches associated with a plurality of sorts of color
data wherein with respect to four colors of CMYK for
example, dot % is sequentially varied as 0%, 40%, 70%,
100%, is outputted by an output device such as a color
printer, and the color patches of the color chart thus output-
ted are measured by a calorimeter to obtain XYZ values
defined by XYZ color system or L*a*b* values defined by
CIELAB, so that color data of CMYK are associated with
the XYZ values (or the L* a*b* values). Hereinafter, it is
defined that the XYZ are values defined by the XYZ color
system, and the L*a*b* are values defined by the CIELAB.

Basically, the profile is produced in the manner as men-
tioned above. However, the number of color patches con-
stituting the color chart is not so large number that the
number of color patches corresponds to that of the profile on
a basis of one-to-one. Accordingly, it is performed to
increase the number of pairs of the association between
CMYK data and XYZ data (or L*a*b* data) by the inter-
polation operation and the like in accordance with a color
association definition (here, the finally completed one is
referred to as a “profile”, and the non-completed one is
referred to as a “color association definition”) defining the
association between CMYK data and XYZ data (or L a b
data), which are obtained by a colorimetry of the color chart
in the manner as mentioned above, and finally a desired
profile is produced.

In the event that it is intended to obtain an output image
by a color printer in accordance with image data obtained by
a color scanner, color data included in the image data is
modified using the profile produced in the manner as men-
tioned above, but not using the image data obtained by the
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color scanner, so that a desired color of image is outputted
in accordance with the modified color data.

By the way, according to the above-mentioned method of
producing a profile, it happens that the produced profile may
include noises destroying monotonicity of variations of
XYZ data or L*a*b* data to variations of color data of any
of C, M, Y, K owing to measurement errors by a calorimeter,
and characteristics of a device of an object of the profile to
be produced, for example, characteristics of a color printer
outputting of the color chart (for example, in some charac-
teristics of the color printer, even if a color patch based on
the same color data is concerned, it happens that colors of
color patches are mutually different between a case where
the color patch is recorded on the center of a paper and a case
where the color patch is recorded on the edge of the paper).
In the event that the produced profile includes such a noise,
when the color conversion is performed using the profile, a
jump in color density and a fluctuation in a hue direction will
occur on a portion of gradation wherein density of a color is
continuously varied, in a color image outputted based on
image data after the color conversion, and thus there is a
possibility that it is difficult to output a color image having
an image quality which is high in color. Further, in the event
that an inversion profile, wherein CMYK data is determined
from XYZ data (or L*a*b* data) in accordance with the
produced profile, is determined by a computation, there is a
possibility that noises included in the profile become a main
cause of errors of the computation, so that it is difficult to
exactly determine the inversion profile.

SUMMARY OF THE INVENTION

In view of the foregoing, it is an object of the present
invention to provide a profile with great accuracy in which
the noises as mentioned above are removed.

To achieve the above-mentioned object, the present
invention provides a profile producing method of producing
a profile representative of an association between a first
color data representative of coordinates on a device-depen-
dence color space dependent on a device mediating between
image data including color data and a color image, and a
second color data representative of coordinates on a com-
mon color space independent of devices, said profile pro-
ducing method comprising:

a color association definition obtaining step of obtaining
a color association definition defining an association
between the first color data representative of coordinates on
the device-dependence color space and the second color data
representative of coordinates on the common color space;
and

a profile producing step of producing a profile defining an
association between the first color data representative of
coordinates on the device-dependence color space and
smoothed second color data representative of coordinates on
the common color space, in accordance with the color
association definition obtained in said color association
definition obtaining step, via a smoothing step of smoothing
the second color data representative of coordinates on the
common color space to the first color data representative of
coordinates on the device-dependence color space.

Here, the device-dependence color space implies for
example a color space defined by CMYK four colors in a
case where the device is an output device outputting an
image in accordance with color data of CMYK four colors,
or a color space defined by RGB three colors in a case where
the device is an input device obtaining color data of RGB
three colors from the device. On the other hand, the common
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color space independent of devices implies a color space
defined by for example XYZ independent of a specified
device, or a color space defined by L*a*b*.

The profile producing method of the present invention
comprises the color association definition obtaining step and
the profile producing step. The profile producing step has the
smoothing step. The profile producing step produces a
profile defining an association between the first color data
representative of coordinates on the device-dependence
color space and smoothed second color data representative
of coordinates on the common color space, in accordance
with the color association definition obtained in said color
association definition obtaining step, via the smoothing step.
This feature makes it possible to produce a profile with great
accuracy suppressing noises.

In the profile producing method according to the present
invention as mentioned above, it is acceptable that said color
association definition obtaining step comprises:

a color chart producing step of causing an output device
to output a color chart composed of a plurality of color
patches associated with a plurality of first color data; and

a color chart colorimetry step of measuring a plurality of
color patches constituting the color chart obtained in said
color chart producing step to determine the second color
data for the color patches,

wherein the color association definition is obtained
through said color chart producing step and said color chart
colorimetry step.

Further, in the profile producing method according to the
present invention as mentioned above, it is acceptable that
said profile producing step comprises:

a smoothing step of smoothing the second color data to
the first color data using the first color data and the second
color data constituting the color association definition
obtained in said color association definition obtaining step to
determine a new color association definition defining an
association between the first color data and smoothed second
color data; and

a profile construction step of constructing a profile in
accordance with the new color association definition
obtained in said smoothing step, the profile consisting of
pairs of the first color data and the second color data
mutually associated, which are more than the number of
pairs of the mutually associated first color data and the
smoothed second color data, constituting the new color
association definition.

Or alternatively, it is acceptable that said profile produc-
ing step comprises:

a color association definition reconstruction step of pro-
ducing a new color association definition in accordance with
the color association definition obtained in said color asso-
ciation definition obtaining step, said new color association
definition consisting of pairs of the first color data and the
second color data, which are more than the number of pairs
of the mutually associated first color data and the second
color data, constituting the color association definition, and
which are equal in number to pairs of the mutually associ-
ated first color data and the second color data, constituting
the finally produced profile; and

a smoothing step of smoothing the second color data to
the first color data using the first color data and the second
color data constituting the color association definition
obtained in said color association definition obtaining step,

whereby said profile producing step produces a profile
defining an association between the first color data and
smoothed second color data.
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Inclusion of such a large number of color patches that it
meets an amount of data finally necessary as a profile into
the color chart makes it difficult to do works such as
colorimetry and the like. It is usual that an amount of data
for a color association definition produced through a colo-
rimetry of the color chart is extremely less as compared with
an amount of data for the profile. In this case, it is acceptable
that as mentioned above, the smoothing is performed at the
stage of the color association definition which is less in an
amount of data, and thereafter an amount of data is increased
by the interpolation operation for example, or alternatively
an amount of data is increased from the color association
definition which is less in an amount of data to an amount
of data same as an amount of data for a profile finally
produced, and thereafter the smoothing is performed.

Further in the profile producing method according to the
present invention as mentioned above, it is acceptable that
said color association definition obtaining step is a step of
obtaining a color association definition consisting of pairs of
the first color data and the second color data, which are equal
in number to pairs of the mutually associated first color data
and the second color data, constituting the finally produced
profile; and

said profile producing step is a step of producing a profile
defining an association between the first color data and
smoothed second color data via a smoothing step of smooth-
ing the second color data to the first color data using the first
color data and the second color data constituting the color
association definition obtained in said color association
definition obtaining step.

It is acceptable that for example in the event that there
exists a profile already produced as to the device of interest,
the existing profile is obtained and is subjected to the
smoothing and thereby reducing noises destroying monoto-
nicity.

In the above-mentioned profile producing method, it is
acceptable that said smoothing step is a step of performing
a smoothing on a partial area on a color space. In this case,
it is preferable that said smoothing step is a step of per-
forming a smoothing on a high density area on a color space.

To achieve the above-mentioned object, the present
invention provides a profile producing apparatus for pro-
ducing a profile representative of an association between a
first color data representative of coordinates on a device-
dependence color space dependent on a device mediating
between image data including color data and a color image,
and a second color data representative of coordinates on a
common color space independent of devices, said profile
producing apparatus comprising:

a color association definition obtaining section for obtain-
ing a color association definition defining an association
between the first color data representative of coordinates on
the device-dependence color space and the second color data
representative of coordinates on the common color space;
and

a profile producing section for producing a profile defin-
ing an association between the first color data representative
of coordinates on the device-dependence color space and
smoothed second color data representative of coordinates on
the common color space, in accordance with the color
association definition obtained in said color association
definition obtaining section, said profile producing section
including a smoothing processing section for smoothing the
second color data representative of coordinates on the com-
mon color space to the first color data representative of
coordinates on the device-dependence color space.
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In the profile producing apparatus according to the present
invention as mentioned above, it is acceptable that said
smoothing processing section receives the color association
definition obtained in said color association definition
obtaining section, and smoothes the second color data con-
stituting the color association definition to the first color data
constituting the color association definition to produce a new
color association definition defining an association between
the first color data and smoothed second color data, and

said profile producing section further comprises in addi-
tion to said smoothing processing section a profile construc-
tion section for constructing a profile in accordance with the
new color association definition obtained in said smoothing
processing section, the profile consisting of pairs of the first
color data and the second color data mutually associated,
which are more than the number of pairs of the mutually
associated first color data and the smoothed second color
data, constituting the new color association definition.

Or alternatively it is acceptable that said profile producing
section comprises

a color association definition reconstruction section for
producing a new color association definition in accordance
with the color association definition obtained in said color
association definition obtaining section, said new color
association definition consisting of pairs of the first color
data and the second color data, which are more than the
number of pairs of the mutually associated first color data
and the second color data, constituting the color association
definition, and which are equal in number to pairs of the
mutually associated first color data and the second color
data, constituting the finally produced profile, and wherein

said smoothing processing section receives the new color
association definition obtained in said color association
definition obtaining section, and smoothes the second color
data constituting the new color association definition to the
first color data constituting the new color association defi-
nition obtained in said color association definition obtaining
section, thereby producing a profile defining an association
between the first color data and smoothed second color data.

Further alternatively it is acceptable that said color asso-
ciation definition obtaining section obtains a color associa-
tion definition consisting of pairs of the first color data and
the second color data, which are equal in number to pairs of
the mutually associated first color data and the second color
data, constituting the finally produced profile, and

said profile producing section produces a profile defining
an association between the first color data and smoothed
second color data in such a manner that the color association
definition obtained in said color association definition
obtaining section is fed to said smoothing processing section
to smooth the second color data constituting the color
association definition to the first color data constituting the
color association definition obtained.

In the profile producing apparatus as mentioned above, it
is acceptable that said smoothing processing section per-
forms a smoothing on a partial area on a color space. In this
case, it is preferable that said smoothing processing section
performs a smoothing on a high density area on a color
space.

Further, in the profile producing apparatus according to
the present invention as mentioned above, it is acceptable
that said profile producing apparatus further comprises a
handler for designating an area to be subjected to the
smoothing processing, and said smoothing processing sec-
tion performs a smoothing on an area designated in accor-
dance with an operation of said handler. And it is also
acceptable that said profile producing apparatus further
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6

comprises an area display section for displaying an area for
which a smoothing processing is necessary.

An application of the smoothing processing through com-
munication with an operator makes it possible to perform a
fine processing excellent in operability and satisfied by the
operator.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic constitution view of an image
input-color conversion-image output system.

FIG. 2 is a perspective view of a personal computer
shown in FIG. 1.

FIG. 3 is a hardware structural view of the personal
computer.

FIG. 4 is a conceptual view of an input profile.

FIG. 5 is a conceptual view of an output profile.

FIG. 6 is a conceptual view of a color conversion defi-
nition consisting of an input profile and an output profile.

FIG. 7 is a flowchart useful for understanding a procedure
of a profile producing method according to the present
invention.

FIG. 8 is a view showing data of a color association
definition and a profile by way of example.

FIG. 9 is a flowchart useful for understanding an example
of'a color association definition obtaining process of step al
of FIG. 7.

FIG. 10 is a flowchart useful for understanding a first
example of a profile producing process of step b1 of FIG. 7.

FIG. 11 is a flowchart useful for understanding a second
example of a profile producing process of step b1 of FIG. 7.

FIG. 12 is a flowchart useful for understanding a third
example of a profile producing process of step b1 of FIG. 7.

FIG. 13 is a functional block diagram of a profile pro-
ducing apparatus of the present invention.

FIG. 14 is a functional block diagram of a first example
of a profile producing section.

FIG. 15 is a functional block diagram of a second example
of a profile producing section.

FIG. 16 is a functional block diagram of a third example
of a profile producing section.

FIG. 17 is a view useful for understanding a first example
of a smoothing processing.

FIG. 18 is a view useful for understanding a second
example of a smoothing processing.

FIG. 19 is a view useful for understanding a third example
of a smoothing processing.

FIG. 20 is a view showing a CMY space where K=0.

FIG. 21 is a view showing a CMY space where K=0.

FIG. 22 is a view showing a first example of a display
screen displayed on an area display section of the profile
producing apparatus showing in FIG. 13.

FIG. 23 is a view showing a second example of a display
screen displayed on an area display section of the profile
producing apparatus showing in FIG. 13.

FIG. 24 is a view showing a third example of a display
screen displayed on an area display section of the profile
producing apparatus showing in FIG. 13.

FIG. 25 is a view showing a fourth example of a display
screen displayed on an area display section of the profile
producing apparatus showing in FIG. 13.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Embodiments of the present invention will be described
with reference to the accompanying drawings.
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FIG. 1 is a schematic constitution view of an image
input-color conversion-image output system.

A color scanner 10 reads an original image 11 and
produces image data of RGB three colors. The image data of
the RGB three colors is fed to a personal computer 20. The
personal computer 20 converts the image data obtained by
the color scanner 10 into image data of CMYK four colors
for an image output suitable for a color printer 30 which will
be described later. The image data for the image output is fed
to the color printer 30. The color printer 30 performs a print
output in accordance with the entered image data so that a
print image 31 is formed.

The personal computer 20 serves as an embodiment of a
profile producing apparatus of the present embodiment, and
produces a profile beforchand. When the image data
obtained by the color scanner 10 is converted into the image
data for the color printer 30, the profile thus produced is
referred to. The profile and a method of producing the profile
will be described later.

In the system shown in FIG. 1, while the color scanner for
reading an original image to produce image data is shown as
an example of an input device for receiving an image to
obtain image data, any one is acceptable, as the input device,
which is a system in which for example, an image is
recorded on a reversal film by a digital still camera (DSC)
and a photography using the reversal film, and the recorded
image is read by a color scanner to derive image data, or
alternatively one in which an image is received to derive
image data.

Further, in the system shown in FIG. 1, while the color
printer 30 is shown as an example of an output device for
outputting an image based on the image data, any one is
acceptable, as the output device, which is a color printer
according to an electrophotographic scheme, a color printer
according to an ink jet scheme, or a printer according to a
system in which a printing paper is exposed with a modu-
lated laser beam and the exposed printing paper is devel-
oped, and it doesn’t matter as to the printing scheme and the
printing system. Further, as the output device, it is not
restricted to a printer, and any one is acceptable which is a
printing machine, or alternatively an image display device
such as a CRT display unit for displaying an image on a
display screen, and a plasma display unit.

Here, however, there will be described a system having
the color scanner 10 and the color printer 30 by way on
examples of the input device and the output device, respec-
tively.

An aspect as an embodiment of the present invention in
the system shown in FIG. 1 resides in processing contents to
be executed inside the personal computer 20. Hereinafter,
there will be described the personal computer 20.

FIG. 2 is a perspective view of the personal computer 20
shown in FIG. 1. FIG. 3 is a hardware structural view of the
personal computer 20.

The personal computer 20 comprises, on an external
appearance, a main frame unit 21, an image display unit 22
for displaying an image on a display screen 22a in accor-
dance with an instruction from the main frame unit 21, a
keyboard 23 for inputting various sorts of information to the
main frame unit 21 in accordance with a key operation, and
a mouse 24 for inputting an instruction according to, for
example, an icon and the like, through designation of an
optional position on the display screen 22a, the icon and the
like being displayed on the position on the display screen
22a. The main frame unit 21 has a floppy disk mounting slot
21a for mounting a floppy disk, and a CD-ROM mounting
slot 215 for mounting a CD-ROM.
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The main frame unit 21 comprises, as shown in FIG. 3, a
CPU 211 for executing a various types of program, a main
memory 212 in which a program stored in a hard disk unit
213 is read out and developed for execution by the CPU 211,
the hard disk unit 213 for saving various types of programs
and data, an FD drive 214 for accessing a floppy disk 100
mounted thereon, a CD-ROM drive 215 for accessing a
CD-ROM 110 mounted thereon, an input interface 216
connected to the color scanner 10 (cf. FIG. 1), to receive
image data from the color scanner 10, and an output inter-
face 217 connected to the color printer 30 (cf. FIG. 1) to
transmit image data to the color printer 30. These various
types of elements are connected via a bus 25 to the image
display unit 22, the keyboard 23 and the mouse 24.

The CD-ROM 110 stores therein a program for causing
the personal computer 20 to operate as a profile producing
apparatus. The CD-ROM 110 is mounted on the CD-ROM
drive 215 so that the program, which is stored in the
CD-ROM 110, is up-loaded on the personal computer 20 and
is stored in the hard disk unit 213.

Next, there will be described a method of producing a
profile.

FIG. 4 is a conceptual view of an input profile.

When the input profile is available from a maker and the
like of the color scanner 10, it is unnecessary to newly
produce the input profile. Here, there will be described a
fundamental producing method of the input profile.

A color chart composed of a large number of color
patches, instead of the original image 11 shown in FIG. 1, is
prepared, and an image of the color chart is read by the color
scanner 10 to obtain a first color data for each color patch on
an RGB space (an example of the device-dependence color
space referred to in the present invention), while the original
image is measured by a calorimeter to obtain a second color
data for each color patch, representative of coordinate points
on an XYZ space which is an example of a common color
space. A detailed explanation of the common color space
will be described later.

In this manner, there is obtained a color association
definition defining the association between a coordinate
point on the RGB color space and a coordinate point on the
XYZ color space. This color association definition depends
on an input device, varying in accordance with a sort of the
color scanner 10, and generally in accordance with a sort of
the input device.

The color association definition thus obtained simply
defines the association between the RGB color data and the
XYZ data as to the coordinate points at extremely rough
intervals on the RGB color space, since there is a limit in the
number of color patches constituting the color chart. For this
reason, after the color association definition is obtained, the
interpolation operation and the like are applied to the color
association definition to produce an input profile defining the
association as to the coordinate points at desired fine inter-
vals on the RGB color space. The input profile thus produced
depends on the input device, since the associated color
association definition depends on the input device.

An application of a smoothing processing in the process
of producing the input profile in accordance with the color
association definition makes it possible to produce an input
profile with great accuracy in which noises are reduced. The
smoothing processing will be described later in conjunction
with an output profile which will be described hereinafter.

FIG. 5 is a conceptual view of an output profile.

The personal computer 20 shown in FIG. 1 generates
color data, as color data of CMYK four colors, in which
values of C, M, Y, K are sequentially varied, and prints and
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outputs the color chart based on the color data thus gener-
ated. The printed image 31 shown in FIG. 1 is not repre-
sentative of the color chart. It is assumed, however, that the
color chart is printed out instead of the printed image 31, and
the color patches constituting the color chart are measured
by a calorimeter. In this manner, there is produced a color
association definition representative of the association
between a coordinate value on the color space of CMYK
four colors (this also corresponds to an example of the
device-dependence color space referred to in the present
invention) and a coordinate value on the common color
space (here XYZ color space). This color association defi-
nition depends on an output device, varying in accordance
with a sort of the output device.

The color association definition thus obtained simply
defines the association between the CMYK color data and
the XYZ data as to the coordinate points at extremely rough
intervals on the CMYK color space, since there is a limit in
the number of color patches constituting the color chart, in
a similar fashion to that of producing the input profile. For
this reason, after the color association definition is obtained,
the interpolation operation is applied to the color association
definition to produce an output profile defining the associa-
tion as to the coordinate points at desired fine intervals on
the CMYK color space. In the process of producing the
output profile in accordance with the color association
definition, a smoothing processing as well as the interpola-
tion operation are carried out, and thus it is possible to
produce an output profile with great accuracy in which
noises disturbing are removed.

FIG. 6 is a conceptual view of a color conversion defi-
nition consisting of an input profile and an output profile.

The input profile and the output profile, which are
explained referring to FIGS. 4 and 5, respectively, are stored
in the personal computer 20 shown in FIG. 1. The image
data of RGB obtained by the color scanner 10 is converted,
as shown in FIG. 6, temporarily into image data on the XYZ
space by the input profile, and the image data on the XYZ
space is converted into the image data of CMYK by the
output profile and then transferred to a color printer. Thus,
the color printer 30 can obtain the printed image 31 in which
a color representation of the original image 11 is reproduced.

Here, there will be described the common color space.
With respect to the common color space, while it is
explained in the above that the XYZ color space is an
example of the common color space, there is no need that the
common color space is the XYZ color space. Any one is
acceptable, as the common color space, which is defined in
such a manner that it is independent of a specified input
device or a specified output device. For example, it is
acceptable that the common color space is L*a*b* color
spaces, or alternatively it is acceptable that the common
color space is a coordinate system clearly defined in such a
manner that coordinate points on the color spaces are
associated with the color spaces one by one. As an example
of such a coordinate system, there is a standard RGB signal
defined as follows.

Rerca 32410 -1.5374 —0.49867] X
Goren | =| -0.9692 1.8760 0.0416 || ¥
Buras 0.0556 —0.2040 1.0570 || z

Assuming that Rg,,, denotes one wherein Rz is
expressed by 8 bits, the following expression is given.
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Repir = 255 12.92Rspcp (0 < Rypap < 0.00304)

Rapie =255 X 1.055R g pr 024y —0.055

(0.00.04 = Rsgep = 1)

Also as to Gg,,, and By, wherein Ggzsp and By o5 are
expressed by 8 bits, respectively, similarly, Gg,,, and Bg,,,
can be converted from G5z and Bz, respectively.

Alternatively, it is acceptable that a color space defined by
cmy density of a reversal film is adopted as the common
color space. A definition of the common color space makes
it possible to clearly define a color representation area in the
common color space.

In the above, there has been explained a basic method of
producing the input profile and the output profile. Herein-
after, there will be described various embodiments of a
profile producing method of the present invention, taking by
way of example a method of producing the output profile.

FIG. 7 is a flowchart useful for understanding a procedure
of a profile producing method according to the present
invention.

FIG. 7 shows a color association definition obtaining
process (step al) and a profile producing process (step b1).
The profile producing process (step b1) contains a smooth-
ing process.

The color association definition obtaining process of the
step al is a process of obtaining a color association defini-
tion defining the association between a first color data (here,
color data representative of dot % of CMYK; hereinafter, in
some case it happens that the first color data is referred to as
CMYK data) representative of coordinates on a device-
dependence color space (the RGB space dependent on the
color scanner and the CMYK space dependent on the color
printer; here, the CMYK space dependent on the color
printer, since this is the explanation raising the color printer
by way of example), and a second color data (here, color
data representative of XYZ values; hereinafter, in some case
it happens that the second color data is referred to as XYZ
data) representative of coordinates on the common color
space (here, the XYZ space).

FIG. 8 is a view showing data of a color association
definition and a profile by way of example.

The color association definition defines, as shown in part
(A) of FIG. 8, the association between the CMYK data and
the XYZ data on coordinate points at rough intervals on the
CMYK space, wherein dot % on each of C, M, Y, K roughly
varies as 0%, 40%, 70% . . . . On the other hand, the profile
defines, as shown in part (B) of FIG. 8, the association
between dot % data of CMYK and the XYZ data on
coordinate points at relatively fine intervals (10% intervals)
on the CMYK color space, wherein dot % on each of C, M,
Y, K roughly varies as 0%, 10%, 20%, 30% .

In the color association definition obtaining process (step
al) shown in FIG. 7, for example, there is obtained a color
association definition, which is relatively few in data quan-
tity, as shown in part (A) of FIG. 8.

In the profile producing process (step bl) shown in FIG.
7, there is produced a profile, which is relatively much in
data quantity, as shown in part (B) of FIG. 8, in accordance
with the color association definition obtaining process of the
step al, via a smoothing process of smoothing the second
color data (XYZ data) to the first color data (CMYK data).
The profile thus produced is subjected to the smoothing
process, and defines the association between the first data



US 7,102,785 B2

11

and the second data after smoothing, so that a profile is
produced with great accuracy in which noises destroying
monotonicity are suppressed. The smoothing processing will
be described later.

FIG. 9 is a flowchart useful for understanding an example
of a color association definition obtaining process of step al
of FIG. 7.

The color association definition obtaining process com-
prises a color chart producing process (step all) and a color
chart colorimetry process (step al2). In the color chart
producing process (step all), the personal computer 20
shown in FIG. 1 generates a plurality of sorts of color data
of CMYK to be fed to the color printer 30, so that the color
printer 30 outputs a color chart composed of sets of patches
associated with color data. In the color chart colorimetry
process (step al2), the color patches constituting the color
chart outputted from the color printer 30 are measured by a
calorimeter to obtain XYZ values of the color patches.

Thus, it is possible to obtain the color association defi-
nition as shown in part (A) of FIG. 8 through the color chart
producing process (step all) and the color chart colorimetry
process (step al2).

FIG. 10 is a flowchart useful for understanding a first
example of the profile producing process of the step bl of
FIG. 7.

First, a smoothing process (step b1l) is placed, and then
a profile construction process (step b12) is placed.

In the smoothing process of the step b1l, the first color
data (CMYK data) constituting the color association defi-
nition as shown in part (A) of FIG. 8, which is obtained in
the color association definition obtaining process of FIG. 9,
and the second color data (XYZ data) are used to smooth the
second color data (XYZ data) to the first color data (CMYK
data), so that a new color association definition defining the
association between the first color data and the smoothed
second color data is determined.

Next, in the profile construction process of the step b12,
interpolation operations are used to construct a profile in
accordance with the new color association definition
obtained in the smoothing process of the step b11, the profile
consisting of pairs of the first color data and the second color
data mutually associated, which are more than the number of
pairs (for example, the part (A) of FIG. 8 shows exemplarily
three pairs) of the mutually associated first color data and the
smoothed second color data, constituting the new color
association definition, that is, the profile consisting of a large
number of pairs for example, as shown in the part (B) of
FIG. 8.

FIG. 11 is a flowchart useful for understanding a second
example of the profile producing process of step b1 of FIG.
7.

First, a color association definition reconstruction process
(step b13) is placed, and then a smoothing process (step b14)
is placed.

In the color association definition reconstruction process
of'the step b13, interpolation operations are used to construct
a new color association definition in accordance with the
color association definition, as shown in the part (A) of FIG.
8, obtained in the color association definition obtaining
process of FIG. 9, the new color association definition
consisting of pairs of the first color data (CMYK data) and
the second color data (XYZ data), which are more than the
number of pairs of the mutually associated first color data
(CMYK data) and the second color data (XYZ data), con-
stituting the color association definition, and which are equal
in number to pairs of the mutually associated first color data
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(CMYK data) and the second color data (XYZ data), con-
stituting the finally produced profile.

Next, in the smoothing process of the step b14, the first
color data constituting the new color association definition,
which is obtained in the color association definition recon-
struction process of the step b13, and the second color data
are used to smooth the second color data to the first color
data, so that a profile defining the association between the
first color data and the smoothed second color data is
produced.

Thus, in the profile processing process, it is acceptable
that the color association definition less in data amount as
shown in the part (A) of FIG. 8, which is obtained in the
color association definition obtaining process (the step al in
FIG. 7), is first subjected to the smoothing processing, and
then an amount of data is increased by the interpolation
operation to produce the profile. Or alternatively, it is
acceptable that a new color association definition, which is
much in an amount of data, is first produced by interpolation
operations, from the color association definition less in an
amount of data as shown in the part (A) of FIG. 8, and then
the new color association definition thus produced is sub-
jected to the smoothing processing to produce the profile.

FIG. 12 is a flowchart useful for understanding a third
example of the profile producing process of step b1 of FIG.
7.

In the profile producing process shown in FIG. 12, it is
supposed that in the color association definition obtaining
process of the step al of FIG. 7, the color association
definition consisting of pairs of the mutually associated first
color data and the second color data, which are equal in
number to pairs of the mutually associated first color data
and the second color data, constituting the finally produced
profile, is obtained. Corresponds to this for example, a case
where an existing profile, which has been produced in
accordance with the conventional method, is obtained as the
color association definition.

In this case, it is sufficient for the profile producing
process to simply apply the smoothing process to the
obtained color association definition, as shown in FIG. 12.

FIG. 13 is a functional block diagram of a profile pro-
ducing apparatus of the present invention.

A profile producing apparatus 300 shown in FIG. 13 is
implemented by a combination of a hardware of the personal
computer 20 shown in FIGS. 1 to 3, and a software to be
executed by the personal computer 20.

The profile producing apparatus 300 shown in FIG. 13
comprises a color association definition obtaining section
310, a profile producing section 320 including a smoothing
processing section, an operating section 330, and an area
display section 340.

The color association definition obtaining section 310
serves to input a color association definition to the profile
producing apparatus 300. When the color association defi-
nition is received through a communication, the interface
216 shown in FIG. 3 corresponds to the color association
definition obtaining section 310. When the color association
definition produced in the manner as mentioned referring to
FIG. 9 is inputted by an operator through the keyboard 23
shown in FIG. 2, the keyboard 23 corresponds to the color
association definition obtaining section 310. When the color
association definition thus produced is stored in the floppy
disk 100 (cf. FIG. 3) and the color association definition
stored in the floppy disk 100 is inputted to the profile
producing apparatus 300 (the personal computer 20), the FD
drive 214 shown in FIG. 3 corresponds to the color asso-
ciation definition obtaining section 310.
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The profile producing section 320 of the profile producing
apparatus 300 shown in FIG. 13 corresponds to a combina-
tion of the CPU 211 shown in FIG. 3 and the program
including the smoothing processing, for producing the pro-
file, which is executed by the CPU 211.

With respect to the operating section 330, on a hardware
basis, the keyboard 23 and the mouse 24 shown in FIGS. 2
and 3 correspond to the operating section 330.

With respect to the area display section 340, on a hard-
ware basis, the image display unit 22 shown in FIGS. 2 and
3 corresponds to the area display section 340.

FIG. 14 is a functional block diagram of a first example
of a profile producing section. FIG. 15 is a functional block
diagram of a second example of a profile producing section.
FIG. 16 is a functional block diagram of a third example of
a profile producing section.

The profile producing section shown in FIG. 14 comprises
a smoothing processing section 321 and a profile construc-
tion section 322. The smoothing processing section 321
performs a processing corresponding to the smoothing pro-
cess of the step b1l in the profile producing process shown
in FIG. 10. The profile construction section 322 performs a
processing corresponding to the profile construction process
of the step b12 in the profile producing process shown in
FIG. 10. Redundant description will be omitted.

The profile producing section shown in FIG. 15 comprises
a color association definition reconstruction section 323 and
a smoothing processing section 324. In the color association
definition reconstruction section 323 and the smoothing
processing section 324, processings, which correspond to
the color association definition reconstruction process (step
b13) and the smoothing process (step b14), respectively, in
the profile producing process shown in FIG. 11, are per-
formed. In a similar fashion to that of FIG. 14, redundant
description will be omitted.

The profile producing section shown in FIG. 16 comprises
only a smoothing processing section 325.

This is given, in a similar to that of the profile producing
process shown in FIG. 12, on the assumption that the color
association definition, which is the same data scale as the
profile finally produced in the color association definition
obtaining section 310, is obtained. Redundant description
will be omitted.

FIG. 17 is a view useful for understanding a first example
of a smoothing processing. The horizontal axis denotes dot
% values of any one of C, M, Y, K, and the vertical axis
denotes chromaticity values of any one of XYZ. Here, while
only one is typically shown, with respect to combinations of
the dot % values of CMYK and the chromaticity values of
XYZ, the smoothing processing, which will be described
below, is applied thereto.

White circles denote data before the smoothing process-
ing. The data before the smoothing processing are approxi-
mated by a polynomial of degree n (for example, degree
seven), and as illustrated with circles of hatching, the data
are moved on a curve of the polynomial of degree n.

With respect to the smoothing processing, in a similar
fashion to that of for example, the smoothing process in the
step b1l of FIG. 10 and the smoothing processing in the
smoothing processing section 321 of FIG. 14, but different
in number of data and in density, it is acceptable that the
smoothing processing is carried out before the amount of
data is increased by interpolation operations, or alternatively
it is acceptable that the smoothing processing is carried out
after the amount of data is increased by interpolation opera-
tions, as in the smoothing processing in the smoothing
process in the step bl4 of FIG. 11 and the smoothing
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processing section 324 of FIG. 15. This is also applicable to
other smoothing processing methods which will be
described hereinafter.

FIG. 18 is a view useful for understanding a second
example of the smoothing processing. Meaning of the hori-
zontal axis, the vertical axis, the white circles, and the circles
of the hatching are same as those of FIG. 17.

Here, there is shown a smoothing processing by a moving
average. That is, for example, data X2' and X3' after the
smoothing processing are subjected to moving averages as
set forth below using data X1, X2, X3, X4before the
smoothing processing.

X2'=(X1+X2+X3) 3

X3'=(X2+X3+X4) 3

And the smoothing processing is carried out. Alterna-
tively, it is acceptable that W1, W2and W3are adopted as
weight, and a weighted moving average is performed in
accordance with the following formulas.

X2'=(W1xX1+ W2x X2+ W3xX3)/ (WL W2+ 3)

X3'=(W1xX2+ W2x X3+ W3xXA) (WL W2+ 3)

FIG. 19 is a view useful for understanding a third example
of the smoothing processing.

Meaning of the horizontal axis and the vertical axis is the
same as those of FIGS. 17 and 18.

Here, points contrary to a monotonicity of a variation of
chromaticity values to a variation of dot % values are
individually moved to positions wherein the monotonicity is
satisfied. It is acceptable that the smoothing is performed in
accordance with the manner as mentioned above.

FIG. 20 is a view showing a CMY space where K=0.
Hatching is applied to a partial area of the whole area of a
cube wherein dot % values of C, M, Y are 0% to 100%.
Here, it means that the smoothing processing, which is
explained referring to FIGS. 17 to 19, is carried out with
respect to only the partial area of hatching. In this manner,
the restriction of the smoothing processing to be carried out
to the partial area makes it possible to reduce a computation
time. Further, avoiding of a smoothing processing for an
area other than an area for which the smoothing processing
is needed makes it possible to avoid such a matter that an
accuracy is partially degraded owing to the unnecessary
smoothing processing.

FIG. 21 is a view showing a CMY space where K=0,
similar to FIG. 20. It means that the smoothing processing
is carried out with respect to only a partial area of the high
density side of hatching, of an area of a cube wherein dot %
values of C, M, Y are 0% to 100%.

A noise is easy to be mixed into the high density area at
the time of colorimetry. Accordingly, an application of the
smoothing processing to only the high density area makes it
possible to expect not only a merit of a reduction of the
computation time explained referring to FIG. 20, but also an
effective suppression of a large noise on the area to which
the noise is easily mixed.

FIG. 22 is a view showing a first example of the display
screen displayed on the area display section 340 (on the
hardware, the image display unit 22) of the profile producing
apparatus showing in FIG. 13.

FIG. 22 shows a smoothing range designation screen. An
operator operates the keyboard 23 shown in FIG. 2 to enter
the respective ranges (% to %) for C, M, Y, K into the frames
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on the screen. The profile producing section 320 performs
the smoothing processing for the designated partial area
according to such an entry.

FIG. 23 is a view showing a second example of a display
screen displayed on the area display section 340 of the
profile producing apparatus showing in FIG. 13.

FIG. 23 shows a*-b* plane, a*-L* plane and b*-L* plane
in L*a*b* space. An operator operates the mouse 24 shown
in FIG. 2 (in FIG. 23, the mouse cursor is shown with a
circle) to graphically designate a partial area in L*a* b*
space. Thus, when the partial area is designated, in a similar
to that of the numerical value designation in FIG. 22, the
profile producing section 320 shown in FIG. 13 performs the
smoothing processing for the designated partial area.

In this manner, it is acceptable that an operator designates
a partial area to be subjected to the smoothing processing
through a man-machine interface.

FIG. 24 is a view showing a third example of a display
screen displayed on the area display section 340 of the
profile producing apparatus showing in FIG. 13.

FIG. 24 shows a screen in which a range of the smoothing
and a system of the smoothing are selected. An operator
operates the mouse shown in FIG. 2 to select the range of the
smoothing and the system of the smoothing. The selection of
the range of the smoothing and the system of the smoothing
by the operator make it possible to freely select the smooth-
ing processing taking into consideration the computation
time and the accuracy.

FIG. 25 is a view showing a fourth example of a display
screen displayed on the area display section 340 of the
profile producing apparatus showing in FIG. 13.

FIG. 25 shows, in a similar fashion to that of FIG. 23,
partial areas on a*-b* plane, a*-L* plane and b*-L* plane in
L*a*b* space.

The partial areas here indicated are not areas designated
by an operator, but are areas displayed in such a manner that
a profile producing apparatus automatically determines
areas necessary for the smoothing. As the base of the
automatic determination of the areas necessary for the
smoothing, in the profile producing apparatus, for example,
it is acceptable that an operator enters for example a name
and a type of the color printer 30 (cf. FIG. 1) which is
intended to be used for producing a profile, and such
information is used. It is possible some color printer to have
areas necessary for the smoothing according to its “habit”
beforehand in form of a table. When information such as
types of the printer which is intended to be used for
producing a profile is inputted, arcas necessary for the
smoothing are displayed referring to the table.

Alternatively, by way of another example, it is acceptable
that as a color chart to be outputted by a color printer, there
is used a color chart in which a plurality of color patches
based on the same color data are disposed on a distribution
basis, a variation width of colorimetry values of the color
patches produced based on the same color data, constituting
the color chart, is checked, an area which is large in the
variation width is detected, and such an area is displayed as
an area for which the smoothing is necessary.

An arrangement wherein an area for which the smoothing
is necessary is automatically determined and displayed in
the apparatus side in the manner as mentioned above makes
it possible for an operator to easily grasp as to what area is
to be subjected to the smoothing.

It is acceptable that such an automatic display and the
mouse operation by an operator explained referring to FIG.
23 are used together so that the operator can change an area
automatically displayed once. Incidentally, according to the
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above-mentioned embodiments, there is explained the
smoothing of a profile of the color printer (the output device)
by way of example. However, it is acceptable that also in
producing an input profile, the same smoothing is carried out
so that the input profile is produced with great accuracy.

As mentioned above, according to the present invention,
the smoothing makes it possible to produce a profile with
great accuracy suppressing noises destroying monotonicity.

While the present invention has been described with
reference to the particular illustrative embodiments, it is not
to be restricted by those embodiments but only by the
appended claims. It is to be appreciated that those skilled in
the art can change or modify the embodiments without
departing from the scope and sprit of the present invention.

What is claimed is:

1. A profile producing method of producing a profile
representative of an association between a first color data
representative of coordinates on a device-dependence color
space dependent on a device mediating between image data
including color data and a color image, and a second color
data representative coordinates on a common color space
independent of devices, said profile producing method com-
prising:

a color association definition obtaining step of obtaining

a color a definition defining an association between the
first color data representative of coordinates on the
device-dependence color space and the second color
data representative of coordinates on the common color
space; and

a profile producing step of producing a profile defining an

association between the first color data representative
of coordinates on the device-dependence color space
and smoothed second color data representative of coor-
dinates on the common color space, in accordance with
the color association definition obtained in said color
association definition obtaining step, via a smoothing
step of smoothing the second color data representative
of coordinates on the common color space to the first
color data representative of coordinates on the device-
dependence color space,

wherein the smoothing step further comprising:

using the horizontal axis to denote dot % values of a first

color data;

using the vertical axis to denote chromaticity values of a

second color data;

obtaining a curve approximating data before the smooth-

ing step; and

moving the data before the smoothing step on the curve.

2. A profile producing method of producing a profile
representative of an association between first color data
representative of coordinates on a device-dependence color
space dependent on a device mediating between image data
including color data and a color image, and a second color
data representative of coordinates on a common color space
independent of devices, said profile producing method com-
prising:

a color association definition obtaining step of obtaining

a color a definition defining an association between the
first color data representative of coordinates on the
device-dependence color space and the second color
data representative of coordinates on the common color
space; and

a profile producing step of producing a profile defining an

association between the first color data representative
of coordinates on the device-dependence color space
and smoothed second color data representative of coor-
dinates on the common color space, in accordance with
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the color association definition obtained in said color
association definition obtaining step, via a smoothing
step of smoothing the second color data representative
of coordinates on the common color space to the first
color data representative of coordinates on the device-
dependence color space,

wherein the smoothing step further comprising:

using the horizontal axis to denote dot % values of a first
color data;

using the vertical axis to denote chromaticity values of a
second color data;

obtaining a least two data before the smoothing step; and

obtaining an average of the at least two data before the
smoothing step.

3. A profile producing apparatus for producing a profile
representative of an association between a first color data
representative of coordinates on a device-dependence color
space dependent on a device mediating between image data
including color data and a color image, and a second color
data representative of coordinates on a common color space
independent of devices, and profile producing apparatus
comprising:

a color association definition obtaining section for obtain-
ing a color association definition defining an associa-
tion between the first color data representative of
coordinates on the device-dependence color space and
the second color data representative of coordinates on
the common color space; and

a profile producing section for producing a profile defin-
ing an association between the first color data repre-
sentative of coordinates of the device-dependence color
space and smoothed second color data representative of
coordinates on the common color space, in accordance
with the color association definition obtained in said
color association definition obtaining section, said pro-
file producing section including a smoothing process-
ing section for smoothing the second color data repre-
sentative of coordinates on the common color space to
the first color data representative of coordinates on the
device-dependence color space, wherein the smoothing
processing section further comprising:

means for using the horizontal axis to denote dot % values
of a first color data;
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means for using the vertical axis to denote chromaticity
values of a second color data;

means for obtaining a curve approximating data before
smoothing; and

means for moving the data before smoothing on the curve.

4. A profile producing apparatus for producing a profile

representative of an association between a first color data
representative of coordinates on a device-dependence color
space dependent on a device mediating between image data
including color data and a color image, and a second color
data representative of coordinates on a common color space
independent of devices, said profile producing apparatus
comprising:

a color association definition obtaining section for obtain-
ing a color association definition defining an associa-
tion between the first color data representative of
coordinates on the device-dependence color space and
the second color data representative of coordinates on
the common color space; and

a profile producing section for producing a profile defin-
ing an association between the first color data repre-
sentative of coordinates on the device-dependence
color space and smoothed second color data represen-
tative of coordinates on the common color space, in
accordance with the color association definition
obtained in said color association definition obtaining
section, said profile producing section including a
smoothing processing section for smoothing the second
color data representative of coordinates on the common
color space to the first color data representative of
coordinates on the device-dependence color space,

wherein the smoothing processing section further com-
prising:

means for using the horizatal axis to denote dot % values
of a first color data;

means for using the vertical axis to denote chromaticity
values of a second color data;

means for obtaining at least two data before smoothing;
and

means for obtaining an average of the at least two data
before smoothing.



